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I, Jeonp^Hwan Yang, hereby declare as follows: 

1 . that I am an employee of Samsung Electronics Co., Ltd. (SEC), located 
in the Republic of Korea, and that the activities described in paragraphs 
2-5 of this Declaration took place in the Republic of Korea and during 
my employment with SEC; 

2. ttiat I am the sole-inventor of the subject matter defined by the claims of 
the above-identified application; 

3. that on or prior to October 2 1 , 2002, 1 invented the subject matter 
defmed by the claims of the above-identified application; 

4. that on or prior to October 24, 2002, 1 prepared or caused to be prepared 
the attached "DISCLOSURE OF EMPOLYEE'S INVENTION''; 

5 . that on or prior to October 24, 2002, 1 submitted or caused to be 
submitted the aforementioned *T)ISCLOSURE OF EMPLOYEE'S 
INVENTION" to the patent department of SEC*s semiconductor 
division. 
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The undersigned being warned that willful false statements and the like 
are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001, and 
that such willful false statements and the like may jeopardize the validity of the 
application or document or any patent resulting there from, further declares that 
all statements made of his/her own knowledge are true; and all statements made 
on information and believe are believed to be true. 



Respectfully submitted: 
JEONG-HWAN YANG 




Signature 



03/ 3.^/20-6 ^ 

Date 
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Method of forming a strained non-planar transistor 

£^ 7l7|l^ ^ ) 

strained Si MOSFETB mm scaled device S§:>H^OII SiOi DH¥ 2t#i>^ ibXF^se 
amoiCI-. 0^^H ng.lOII U&y Ul-Sf ^Ol lattice mismatch^ layer(OII, SiGe)g channel 
m¥OII ^^eJ& ^SOIIAIfe D\^=?^Ci\ti\ 70%0l^°j fe^ mobility D^MM UEH4JI2 Sia. 

olfe g^^gj ±J!tD\iM Dm^^^ sxiei oi¥:'i oh^ ^^tf^ ijish 

m.M fesoiiAi 4i:>H£ii2 sife M^o\Q. mx\^, o[^mx\ ^dw& ng.m ^ 

g planar MOSFET ^SOjlAiE^ auam gAU advanced MOSFETOjjoj £3^ 
£121 SIJI ^Q. 




tmindd Si on SiQ« 1 S% 




Unsrra!n«dSioomrol 
100 ntm node 
70 nm node 



aoo^k 



(A) 



Verecai Effecfive Reld. £ .(V/bm) 
Fig. Effective motnliiy Is enhanced by >7(l/% 
over file ooDtrol and universal mobil^ even at a 
vay htgh vertical field of >L0 MV/cm. 

(B) 



Fig.l Strained SUicon MOSFET 

(A) SEM cross section image (B) measured mobility 



e 65nm AIICHOI^OII ^gfldlSF Oll^^gfe multi-gate non-planar^S ^»0|| ^ 

BW: strained MOSFETOII CHSh ^ SS^olSAl strained channelOl strain-inducing 
layers ifMj-^ gEHM ^S^S sm aif:KFig.2). 
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Fig.20IIAjfe double/tri-gate?S°l MOSFETS EAim^offl. Fig.2(A)2f (B)°l x\0\m S 
e active barOII SiGe \aveO[ ^^E. ^EHSAH Top3l- gf^ sideOII strained channels S 




(A) (B) 

Fig.2 Non-planar MOSFET structure 

(A) Conventional (B) Proposed new structure 



Abstract (^^^ A^) 

(^^<^1 7l#^o>, ^1^^ ^>^. Jl3i1- ^n^n 71 ^) 

e tr^ sub-65nmA||CHOI| ^WM 0I¥:HI S non-planar MOSFET^^XKHI CHSHAI 

strain-inducing layer::'F ^^SS 73121^01, 70%0l#°l mobility :'H<y:'ISg 

XI ^^o^ 2^gS 4^ SiE^ :'l^^ei substrate^l Oll strain- 

inducing Iayer/Si2| ^g?2E0j|/H active defineOI^OII Si-epi« ^STAI^ active&^¥2^ a 
¥^eoil Si channel layer:'^ ^tk\^m mQ. 

Related Arts & Objects of the Invention(^gfl7l#^ ^ 



eBH:?lsOI|Ai^ Fig. 1 21- ^01 S^^ei planar MOSFET^SOIIAI Si-channel 6I-B¥0II 
SiGe^^g layere ^^SShOl strained channels g^aHSta. 6^Xle.^ device:'^ scalingEIOI 
sub-65nmA||C||S 5!Ej5hS planar MOSFETS CH 01 ^^ «£S mXI AHSg 

aeoi ^SSha. ^XHTJUISI :»I^SirS MIH double/trl-gate 
Al £|I22i°01, strained-Si :'I^S Ollfe gXHmxi ^2iC|. ^ ^^Sg 

strained-Si non-planar^ sei double/tri-gate TROIIAH ^^oFfe Jl^lJi M 

21•£^P•. 
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Description of the Invention (^^^ 




Double/Tri-gate MOSFET^S^ 0|0| QiB fegOIIAI mmB[D\\ 9JiQ. ^ 

m^^21 double/tri-gate MOSFET process sequenced HCAm. ^X\m&M 
^mm £EJo^fe schemeOia. 

e ^AlOlia mo. 0|-£|j2J m^Sl Il^m° process sequency:>^ 

9^ 2F§S UEH4II1 gi°Dl Zli!0||>d2| colorSF pattern^ oH& mum SAI 

& a (Legend i^S). 




(Fig.3.4) (Fig.3.5) 

Fig,3 Process sequence of strained Si double/tri-gate MOSFET 

Thin Si layer°l SOI wafer(Fig.3.1 )?IOII Si^f lattice mismatch D\X\^ mMm epi 

S ^SmQ. e ^AlOllOjjAlfe Si layer°l 10~30nm^ ohffl. •feOjoj Si layers Sjj 

epi^&A|5lfe mm^ Si,-xGex S OIIS gffl, ^§ ¥J)llfe 10~90nm» aSe.K:KFig.3.2). 
S^^^ei active patterningS S!S§K>I Fig.3.3°l Si epiS 5!S 

mat. OIIHSI active widths 10nmOI^^S #^^^21 ^AjOjlS 5!§S^D1. Si epi^JHIfe 
10~l00nmS 5!§t[C|-. gate oxideS M^oiH gate depo & patterning^ 

5!^5K)1 strained channels i^fe double/tri-gate MOSFETg m^mo. 
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Proposed Claims or Features of the Invention (^?-^^ g-fe ^■^) 




(^HSr) Channel°l agflTOI W/FSa2F 4^^°! ^mm MOSFET^3&0||/H sm 
lattice mismatching strain-inducing layer:?h activeLHOjj U2iS\(H Slfe 

- SOI I'l&^IOIj sm lattice mismatchi^^l epiS M^^O. 

- ■^DiSi af^ 1^011 photo- SE^ hardmaskg ^§§1-01 active* defineShCI-. OlttHSj 
defines active^ oxide^CHI mesa^SSAI ^XHsta. 

- •^:7|°l defined activeOII Si epig S^6K)j activeSI ^V2|- mBM SiOj ^Wt 

- gate oxideg^s SlSshin gateM^M depoSm photo- 5E^ hardmaskS 
A^g5^01 gate patterningS B^^Q. 

- e^^ei spacer dielectric depo & etchoK)i spacers M-^^O. 

- Refractory metaKCo, Ni. Pd, Hf)S depoSm g^HBIS Sl^moi metal-silicides ^ 

9111 ^:>\si m^si §§21 ^loii ^:'F^ei gse Bmm ^ sia. 
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Submission Of English-Language Translation 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Patent application of : 

Jeong-Hwan Yang : Group Art Unit: 2812 

Serial No, 1 0/80 1,651 : Examiner Walter L. Lindsay Jr. 

Filed March 17,2004 : 

SEMICONDUCTOR DEVICE WITH DIFFERENT LATTICE PROPERTIES 



SUMBISSION OF ENGLISH-LANGUAGE 
TRANSLATION 

U.S. Patent and Trademark Office 
Customer Window, Mail Stop Amendment 

Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 

Sir: 

Attached is a true and accurate English-language translation of the 
DISCLOSURE OF EMPLOYEE'S INVENTION appended to the YANG 
DECLARATION having an execution date of March 28, 2006. 

Respectfully submitted, 

VoLENTiNE Francos & Whitt, PLLC 

Adam C. Volentine 
Reg. No. 33,289 

April 10, 2006 

Volentine Francos & Whitt, PLLC 
One Freedom Square 
Suite 1260 

1 1951 Freedom Drive 
Reston, VA 20190 
Tel. (571)283-0720 
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<DISCLOSURE OF EMPLOYEE'S INVENTION 
- SEMICONDUCTOR DEPARTMENT> 



Method of forming a strained non-planar transistor 

A strained-Si metal-oxide semiconductor field-effect transistor (MOSFET) is one of the 
much-spotlighted devices in a development of processing a scaled-down device. As shown in 
the following FIG. 1 , the strained-Si MOSFET shows 70% more improved mobility than that of a 
conventional structure, In which a lattice-mismatched layer (for example, an SiGe layer) is 
inserted under a channel. This structure is a remarkably effective for improving performance, 
and it is difficult for the conventional structure to achieve this effect. This structure has been 
published in many papers. However, this structure has thus far only been applied to a planar 
MOSFET structure as shown in FIG. 1 . Applications to other advanced MOSFETs have not been 
studied yet. 
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sion sk:>« ts^ 
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70 nm rx;<i2 



(A) 



mom t^M 
VefticaJ Effective fim. £^ (V/em) 
Fig. Elfeaive mobility H ^hmtx4 by >70% 
over tbc c<intf oi an4 ujiiversal mobjlity even at a 
vcf>* veitkai field of >L0 MV/cm. 

(B) 



Fig. 1 Strained-Silicon MOSFET 

(A) SEIM cross section image (B) IVIeasured mobility 

The present invention provides a strained MOSFET structure and a method of forming the 
same that can be applied to a multi-gate and non-planar structure having a line width of below 
about 65nm. The feature of the present invention Is that a strained channel surrounds a strain- 
inducing layer (FIG. 2). 
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(A) (B) 
Fig. 2 Non-planar MOSFET structure 
(A) Conventional (B) Proposed new structure 



FIG. 2 illustrates a MOSFET device having a double/triple gate structure. Comparing FIG. 
2(B) with FIG. 2(A), an SiGe layer is inserted within an active bar, and a strained channel is 
formed on a top side and both sides of the active bar in FIG. 2(B). 

Abstract 

The present invention provides a non-planar metal-oxide semiconductor field-effect 
transistor (MOSFET) device including a strain-inducing layer and a method of forming the same, 
which is mainly used in a sub-65nm generation device manufacturing. According to the present 
invention, mobility is improved by more than about 70%. In the method, a strain-inducing layer 
and an SI layer are formed on a substrate. An active region is defined. An Si-epitaxial layer is 
formed, and thus an Si channel layer surrounds a top side, a right side and a left side of the 
active region. 

Related Arts & Objects of the Invention 

In a conventional method, a strained channel Is formed by inserting an SiGe layer into a 
bottom of an Si-channel In a general planar metal-oxide semiconductor field-effect transistor 
(MOSFET) structure as shown in FIG. 1. However, as a device is scaled down, a conventional 
planar MOSFET cannot perform a role in a device having a design rule of below about 65nm, 
and thus a device having a novel structure is needed. In view of technology trends thus far, a 
double/triple gate structure is becoming a leading structure type, and examples embodying the 
above-mentioned strained-Si structure has not yet been disclosed. The present Invention 
provides a device embodying a strained-Si structure In a non-planar double/triple gate, and a 
method of forming the same. 

Description off the Invention 

A double/triple gate metal-oxide semiconductor field-effect transistor (MOSFET) structure 
has been already discussed in many papers. According to the present invention, an additional 
process Is employed to a conventional method of forming a double/triple gate MOSFET 
structure. 

(Example embodiment of the present invention) 

An example embodiment of the present invention will be described. A series of the following 
pictures Illustrates a process of the present invention. Colors and patterns in figures represent 
corresponding materials (see legend). 
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(Fig. 3.1) 



(Fig. 3.2) 



(Fig. 3.3) 




H Oxide 

■ Sij^Ge, 

■ Si 



(Fig. 3.4) 



(Fig. 3.5) 



Fig. 3 Process sequence of strained-Si double/tri-gate IMOSFET 

A thin Si layer is formed on a silicon-on-insulator (SOI) wafer (FIG. 3.1). A material having 
a lattice mismatch with respect Xg Si is epitaxially grown on the thin Si layer. In the present 
embodiment, a thickness of the thin Si layer is about lOnm to about 30nm. An example of the 
material that Is epitaxially grown on the thin Si layer is Sii.xGex, and a thickness of an Sli.xGex 
layer Is about lOnm to about 90nm (FIG. 3.2). A normal patterning process is performed on the 
Si layer and the Sh.xGex layer to form a structure as shown in FIG. 3.3, and Si is epitaxially 
grown. Then, a width of an active region is more than about lOnm and a thickness of an Si 
epitaxial layer is about lOnm to about lOOnm. Next, a gate oxide layer and a gate electrode are 
formed and patterned to form a double/triple gate MOSFET having a strained channel. 

Proposed Claims or Features of the Invention 

1. A metal-oxide semiconductor field-effect transistor (MOSFET) device of which a face 
direction of a channel is perpendicular to a W/F plane, wherein a strain-inducing layer having a 
lattice mismatch with respect to SI is Inserted within an active region. 

2. A method of forming a MOSFET device comprising: 

forming a layer on a silicon-on-insulator (SOI) substrate by epitaxially growing a material 
having a lattice mismatch with respect to silicon; 

defining an active region by using a first photoresist pattern or a first hard mask, wherein the 
active region has a mesa structure; 
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epitaxially growing silicon on the active region to form a structure in which silicon surrounds 
a top side and both sides of the active region; 

forming a gate oxide layer and a gate electrode, and patterning the gate oxide layer and the 
gate electrode using a second photoresist pattern or a second hard mask; 

forming a spacer by depositing and etching a dielectric material; and 

forming a metal-silicide layer by depositing and heat-treating a refractory metal selected 
from the group consisting of Co, Ni, Pd and Hf. 

3. The method of claim 2, further comprising performing an ion implantation process, and 
further comprising performing an additional process, before forming the layer on the SOI 
substrate or after forming the metal-silicide layer. 
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